Introduction
Knowledge about the production of heat-labile enterotoxin (LT) by Klebsiella spp. and about the role of this toxin in the pathogenesis of diarrhoea is insufficient. For many years, Klebsiella spp. has been regarded exclusively as physiological intestinal flora. Therefore, even when isolated from diarrheal stools in monoculture, these microorganisms were not treated as an etiological factor of gastrointestinal tract infections. In 1975, the first data on the ability of Klebsiella pneumoniae isolated from patients suffering from tropical sprue to secrete enterotoxin [1] were published. It was proved that the enterotoxin's activity induces water and electrolyte secretion and causes structural changes in the intestinal mucosa in various animals [2] . In 1976, the heat-stable (ST) toxin and the heat-labile (LT) toxin were discovered [3] . In 1983, Klipstein and Engert proved that partially purified filtrates of LT toxin producing strains are able to stimulate water and electrolyte secretion in the intestines of rats. Moreover, it was shown that oral administration of LT toxin-producing strains to piglets lead to severe diarrhoea [4] . In 1986, Koo et al. [5] discovered a toxin produced by Klebsiella pneumoniae isolated from patients suffering from burn wounds. This toxin was heat-labile and cytotoxic to cell cultures. The cytotoxic effect was not neutralised after the administration of serum against Shiga toxin [5] . With the exception of the above reports, there are no data concerning Klebsiella spp. LT enterotoxins playing a role in the pathogenesis of diarrhoea. The aim of the present paper was to assess the ability of Klebsiella strains isolated from children suffering from diarrhoea to produce LT enterotoxin and further, to evaluate the ability of these strains to cause diarrhoea. The assessment was performed by detecting the lth gene and by measuring this gene expression.
Detection of lth gene
DNeasy Blood Tissue Kit (Qiagen) was used to isolate total DNA from the investigated strains. The presence of the LT-toxin-encoding lth gene was detected using PCR. Specific primers were designed on the basis of E. coli gene GENEBANK sequence No. E03421 using the NTI Vectorsoftware. The lth primer sequence was: 5'lth:
5'AGGTTTCCCACCGGATCACC3' (forward), 3'lth: 5'GCGTTGTAAAGTCCAGCTTC3' (reverse). Amplification product size was estimated as 452 bp. Total reaction volume was 50 µl. The PCR reaction kit GS-TAQH 500 (GeneSys) was used in experiments. The kit consists of: -reaction buffer F 10x (GeneSys) -50 mM MgCl 2 (GeneSys) -Hot-Start polymerase Taq(GeneSys) -40 mM dNTP, 10 mM each: dATP, dCTP, dGTP, dTTP (GeneSys) PCR reagents are presented in Table 1 .
For the PCR reaction, thermocycler PTC-200 (MJ Research) was used. Amplification reaction conditions were:
-1 cycle -initial denaturation -95ºC, 5 min; -40 cycles -denaturation -95ºC, 30 s; Annealing -60ºC, 1 min; Synthesis -72ºC, 1 min; -1 cycle -final polimerization -72ºC, 5 min. Amplified PCR products were electrophoresed through 2% agarose gel and visualized by staining with Syber Green ® dye.
Cytophatic effect in CHO cell lines -detection of lth gene expression
The production of LT toxin (lth gene expression product) was detected indirectly by assessing the cytopathic effect caused by the toxin contained in the bacterial filtrate of the Chinese Hamster Ovary cell line, as first reported by Speirs et al. [6] .
Preparation of Klebsiella spp. and E. coli reference strains for LT enterotoxin production
Bacterial inoculum was put into a 150 ml Erlenmeyer flask containing 20 ml of TSB and was mechanically shaken for 16-20 hours in aerobic conditions at 37°C. Next, the culture was centrifuged (17000xg/30 min) 
Enterotoxin activity measurement
Enterotoxin activity was tested in a 24-well plate (Sarstedt), with 13 mm diameter cover glass (Sarstedt) placed in 500 µl of CHO cells (3x10 4 cells/ml in F12 medium without serum) and 50 µl of different concentrations of fi ltrates were placed in the appropriate wells of the plate. The fi ltrate concentrations were as follows: a) 2x concentrated, b) undiluted fi ltrate, c) fi ltrate diluted 1:2 in PBS buffer and d) fi ltrate diluted 1:10 in PBS buffer. Subsequently, the plates were incubated for 18-24 hours at 37°C in 5% CO 2 . Next, the cytopathic effect was assessed using an inverted microscope (magnifi cation 200x). Afterwards, the cover glasses were rinsed 3x with PBS, fi xed using 70% methanol (5-10 min), rinsed again using PBS and dyed using Giemsa dye solution (20-30 min). The images were analyzed using Olympus BX50 light microscope.
The following controls were used: Control of CHO cell line -cell line prepared as described above, but supplemented with 50 µl of TSB medium instead of bacterial fi ltrate
Positive control -CHO cell line supplemented with fi ltrate of E. coli ATTC 35401 (strain with confi rmed ability of LT toxin production).
Negative control -CHO cell line supplemented with heated (15-20 min, 100°C) fi ltrate (heating leads to toxin activity inactivation).
Statistical analysis
For statistical analysis of data, Pearson's test chi-square and Yates's chi-squared test was used. Value of P≤0.05 was considered as statistically signifi cant.
R esults

lth gene detection
Among the 152 investigated Klebsiella spp. strains, the lth gene was detected in 13 strains (8.5%). Positive results of amplifi cation of 452 bp size are seen in the picture ( Figure 1 ). In the group of control strains (n=15) isolated from the respiratory tract and blood infections, no lth gene was detected. No statistically signifi cant Table 2) . Lth gene was detected among strains isolated from 4 pediatric units (Figure 2 ).
Cytopathic effect in CHO cell lines -detection of lth gene expression
LT toxin production was detected indirectly by assessing the cytopathic effect on the CHO cell line caused by the toxin contained in the bacterial filtrate. The assessment of ability to cause a cytopathic effect in CHO lines was performed for all 152 investigated Klebsiella spp. strains. The comparison of lth gene detection and expression (production of LT enterotoxin and ability to cause cytopathic effect) was performed and will be discussed. The cytopathic effect is visible as CHO cell lines elongate. The ability of the strain to induce the cytopathic effect is referred to as "+". A lack of this ability is described as "-". In case of a positive reaction (when cytopathic effect occurs), the intensity of effect was assessed with use of semi-quantitative reaction (Figure 3) .
When the experiment was done, the reference E. coli strain, ATTC 35401, was included and treated as a positive control for the experiment. The E. coli strain caused a cytopathic effect in every series of the experiment and the positive reaction was evaluated as (+++) what means that more than 80% of CHO cells were morphologically elongated. All bacterial filtrates (both the experimental and the control strain) were heated for 15-20 min at 100°C. Because the LT toxin is heat-labile, heating was expected to eliminate the cytopathic effect after the introduction of heated filtrates to CHO cell lines. Indeed, no cytopathic effect was observed when CHO cell lines were treated with heated filtrates.
Among 152 investigated Klebsiella spp. strains, 68 (44.7%) strains were able to cause a cytopathic effect in CHO cell lines. Both Klebsiella pneumoniae and Klebsiella oxytoca strains were able to cause above mentioned effect. No statistically significant differences in the ability to cause a cytopathic effect were observed between these two Klebsiella species (P>0.05) ( Table 3) .
Cytopathic effect was detected for strains isolated from all investigated centres (Figure 4) To estimate cytopathic effect, various concentrations of fi ltrate were used in dependence from the bacterial strain. Cytopathic effect was present most commonly, when fi ltrate was diluted 2 or 10 times in PBS buffer. When diluted fi ltrates were used, differences in intensity of cytopathic effect were observed. Concentrated fi ltrate led to a cytopathic effect in CHO cell lines in only 3 of the investigated strains (4.4%). Undiluted fi ltrate caused a cytopathic effect in 25% of strains (17 from 68 "positive" strains). The highest number of strains (28%) caused a cytopathic effect only when diluted (1:2 and 1:10) fi ltrates were used ( Table 4) . Slightly lower percentage of strains (25%) was able to cause cytopathic effect in CHO cell lines, when only 1:10 diluted fi ltrate was used. The intensity of reaction was estimated as weak (+). In 13% of strains, a cytopathic effect was caused, when two types of diluted filtrates were used, however a higher intensity of reaction was observed when the filtrate was more diluted.
During every series of experiment, E. coli filtrate (positive control) was diluted or concentrated. However, in this strain, this procedure had no impact on intensity of cytopathic effect and it was assessed as (+++), independently from the concentration used.
The correlation between lth gene presence and ability to cause cytopathic effect
Among 152 investigated Klebsiella spp. strains, LT enterotoxin-encoding lth gene was detected in 13 strains. 10 strains (77%), with lth gene presence confirmed, were able to cause cytopathic effect in the CHO cell line (Table 5 ). Both Klebsiella pneumoniae and Klebsiella oxytoca strains, with lth gene presence confirmed were able to cause cytopathic effect in the CHO cell line. Table 4 . Correlation between cytopathic effect and concentration of filtrate used from Klebsiella spp.
However, because the strains with no confirmed presence of the lth gene were also able to cause a cytopathic effect, a comparison between these two features was made ( Table 6) . A statistically significant difference between strains able to cause a cytopathic effect was observed depending on the presence or absence of the lth gene. Strains with lth gene caused a cytopathic effect in the CHO cell line statistically more frequently (P≤0.05) ( Table 6 ).
Discussion
Enterotoxigenic E.coli strains (ETEC) are the etiological factor of severe dehydrating diarrhoeas in humans and animals [7] . These strains are able to produce both heat-labile and heat-stable enterotoxins. The genes encoding enterotoxins are located mostly on the plasmids [8] and hence they can be transferred among G(-) microorganisms, such as Klebsiella pneumoniae, Citrobacter freundi, Yersinia enterocolitica, Enterobacter cloacae and Aeromonas hydrophila [9] [10] [11] . The scarcity of data concerning enterotoxins produced by Klebsiella strains prompted the authors of this paper to investigate whether these microorganisms, isolated from stool samples and anal swabs, are able to produce enterotoxins and cause diarrhoeas. Neill et al. [12] observed that E. coli are able to transfer the lth gene to other Enterobacteriaceae rods, including K. pneumoniae. Moreover, Panigraphi et al. [13] , using rabbit ileal loops and immunological methods, proved that Klebsiella pneumoniae strains isolated from children with acute watery diarrhoea are able to produce the LT enterotoxin. However scarce, the above data justify the direction of work adopted by the authors of this paper.
Our results indicate that the lth gene is present in the total DNA of 8.5% of investigated Klebsiella spp. strains and can be detected both in Klebsiella pneumoniae and in Klebsiella oxytoca species. Strains with the lth gene were found in 4 out of 5 paediatric wards included in the study. Our investigations indicate a higher frequency of lth gene occurrence in comparison to the results presented by Mavzioutov et al. [14] , which show the presence of the lth gene only among 3% of Klebsiella spp. strains isolated from children.
As the sole presence of the lth gene is not indicative of production of LT enterotoxin, the expression of this toxin was investigated in a separate setting of the experiment. Enterotoxin identification methods can be performed using animal models (rabbit ileal loops method) [15] and cell lines, referred to as the golden standard in LT toxin expression detection. The method using cell lines detects the cytopathic effect caused by the enterotoxin on the CHO and Y1 cell line (abnormalities of cell shape) [6, 16, 17] . Because the above methods are complicated and require the use of specialist devices, the following immunological tests were designed: Biken's test, ELISA test, latex agglutination and a coagglutination test [18] . However, immunological tests are less sensitive and less specific than cell line methods. In the present work, the standard method has been chosen to detect LT toxin encoding gene expression. The activity of LT enterotoxin was detected by assessing the ability of bacterial filtrate to cause a cytopathic effect in CHO cell lines. A majority of strains (77%) with the lth gene were able to cause a cytopathic effect in these cell lines. The ability to induce a cytopathic effect was assessed also for the strains with no lth gene detected. As demonstrated, 42% of these strains were able to cause a cytopathic effect, however the strains with confirmed lth gene presence were able to cause a cytopathic effect statistically more frequently (P<0.05). The question remains why the strains with no lth gene presence were able to cause a cytopathic effect. Considering all probable factors, it can be hypothesised that some other factor produced by Klebsiella spp. possesses the ability to cause a cytopathic effect. Probably, the use of Y1 cell lines would bring additional explanations. Another possible explanation of the above fact is related to the methodology of lth gene detection using PCR. At the first stage of the experiments performed by the authors, primer sequences were designed on the basis of data coming from research by other authors [14] . However, the obtained results were ambiguous and not repetitive. Positive, repetitive results were obtained when primers designed on the basis of lth gene sequence of E. coli were used. It is thus possible that the lth gene was detected with underestimated frequency as a result of subtle differences between nucleotide sequence of lth gene of K. pneumoniae and E. coli. This could lead to obtaining false negative results.
An interesting observation following from our experiments is the fact that the intensity of observed cytopathic effect differs depending on the density of the bacterial filtrate used. In 28% of cases, cytopathic effect was observed when the bacterial filtrate used was diluted 2 and 10x and in 25% of cases only when the bacterial filtrate was diluted 10x. Similar results were obtained by Guerrant et al. [17] who showed that cytopathic effect caused by LT toxin produced by E. coli is stronger when the toxin is diluted.
Noteworthy results concerning E. coli strains able to produce LT enterotoxin were obtained by Hedge et al. [19] . As it was shown, LT toxin production depends on external factors, such as temperature, pH value, osmotic stress and concentration of nutrients in the medium. The results of our work indicate that cytopathic effect caused by K. pneumoniae was weaker in comparison to the effect caused by the E. coli reference strain. The above results call for further studies aimed at investigating the intensity of cytopathic effect depending on various culture conditions.
Our initial experiments show that part of investigated Klebsiella spp. strains are able to produce molecules acting on CHO lines in the same manner as Escherichia coli's LT enterotoxin acts on this cell line. The enterotoxins produced by Klebsiella spp. can be important pathogenic factors responsible for diarrhoeas in children, especially due to the fact that enterotoxin detection poses a significant diagnostic problem.
